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Description 

TRANSFLECTIVE LIQUID CRYSTAL DISPLAY DEVICE 

Technical Field 

[1] The present invention relates to a transflective liquid crystal display device, in 

particular to a transflective liquid crystal display device using the light from a 
backlight efficiently . 

Background Art 

[2] A so-called transflective liquid crystal display device, which reflects ambient light 

incident from a front side, leads the reflected light to the front side and at the same 
time allows incident light from a backlight system on the back to pass therethrough so 
as to be led to the same front side, is becoming commercialized with reality. This type 
of liquid crystal display device displays images effectively using principally ambient 
light when an operating environment is bright (reflective mode) and principally 
spontaneous light of the backlight system (transmissive mode) when the operating en- 
vironment is dark. 

[3] Prior art documents US 200 1/00 17679 and US2002/0089623 disclose this type of 

liquid crystal display device. 
[4] Here, a conventional transflective liquid crystal display device will be explained 

using Fig. 1. Fig. 1 is a sectional view diagrammatically showing an arrangement of a 

conventional transflective liquid crystal display device. 
[5] The transflective liquid crystal display device in Fig. 1 is principally constructed of 

a backlight 1 used in a transmissive mode, a liquid crystal panel 2 arranged above this 

backlight 1 and a pair of circularly polarized light plates 3, 4 arranged to sandwich this 

liquid crystal panel 2. 

[6] The backlight 1 is constructed of a light guide plate lc which guides light and a 

light source (not shown) arranged at an end of the light guide plate lc. A diffusing film 
1 a which diffuses light emitted onto the liquid crystal panel 2 through the light guide 
plate lc is formed on the surface of the light guide plate lc on a side of the liquid 
crystal panel 2 and a reflective film lb which reflects light from the light source is 
formed on the surface opposite to the surface of the light guide plate lc on a side of the 
liquid crystal panel 2. 

[7] The liquid crystal panel 2 includes a pair of glass substrates 2a, 2b, a liquid crystal 

layer 2c sandwiched therebetween, a stepwise member 2e provided on a reflective 
region B on the glass substrate 2a and a reflective film 2d formed on the stepwise 
member 2e. 

[8] Pixels are formed on the glass substrate 2a and each pixel is provided with the 

reflective region B having the reflective film 2d and the transmissive region A (region 
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without any reflective film) having an opening for allowing light from the backlight 1 
to pass therethrough. In each pixel, the reflective region B is formed to surround the 
transmissive region A. 

[9] The liquid crystal panel 2 has electrodes, a color filter, an orientation film which 

controls the orientation of liquid crystal molecules, but explanations thereof will be 
omitted here for simplicity of explanation. 

[10] The circularly polarized light plates 3, 4 are circularly polarized light plates having 

polarization directions opposite to each other. Here, suppose the circularly polarized 
light plate 3 is a right circularly polarized light plate and the circularly polarized light 
plate 4 is a left circularly polarized light plate. 

[11] In the transflective liquid crystal display device in the above described structure, 

when the light from the backlight 1 is used as a light source in a transmissive mode, the 
light emitted from the backlight 1 passes through the circularly polarized light plate 3 
in the reflective region B. Since the circularly polarized light plate 3 is a right 
circularly polarized light plate, a part of the left circularly polarized light of the light 
which has passed through the circularly polarized light plate 3 is absorbed and 
becomes the right circularly polarized light. 

[12] This right circularly polarized light is reflected on the reflective film 2d. The light 

reflected on the reflective film 2d is changed from the right circularly polarized light to 
the left circularly polarized light. When this left circularly polarized light returns to the 
circularly polarized light plate 3, the left circularly polarized light is absorbed by the 
circularly polarized light plate 3 and cannot pass through the circularly polarized light 
plate 3 because the circularly polarized light plate 3 is a right circularly polarized light 
plate. 

[13] As described above, in the transflective liquid crystal display device, each pixel has 

a reflective region and a transmissive region. Since the reflective region is normally 
wider than the transmissive region, when the light from the backlight 1 is reflected on 
the reflective film 2d as shown above and the light from the backlight 1 is con- 
sequently absorbed by the circularly polarized light plate 3, a great portion of the 
backlight 1 is not fully used in a transmissive mode. 

Disclosure 

[14] It is an object of the present invention to provide a transflective liquid crystal 

display device which is able to use the light from a backlight efficiently in a 
transmissive mode. 

[15] The transflective liquid crystal display device according to the present invention 

has a liquid crystal panel in which liquid crystal material is sealed between a pair of 
substrates faced with each other and in which pixels formed on one substrate of the 
pair of substrates have transmissive regions and reflective regions, comprising a pair of 
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circularly polarized light members arranged outside the liquid crystal panel and a 
backlight arranged outside one circularly polarized light member of the pair of 
circularly polarized light members, wherein the reflective region has a reflective 
member for reflecting ambient light from an opposite side of backlight-arranging side 
in the liquid crystal panel, and the reflective region has phase difference forming 
means arranged on the backlight-arranging side of the reflective member. 

[16] This structure allows the phase difference forming means to reverse the po- 

larization direction of the circularly polarized light from the backlight in the reflective 
region. This allows the light reflected on the reflective member to pass through the 
circularly polarized light member. Therefore, the light from the backlight in the 
reflective region which conventionally used to be wasted without being used can be 
used in a transmissive mode. 

[17] In the transflective liquid crystal display device according to the present invention, 

the phase difference forming means preferably has a function of reversing a direction 
of circularly polarized light by allowing circularly polarized light to pass therethrough 
twice. 

[18] In an embodiment of the transflective liquid crystal display device according to the 

present invention, the phase difference forming means is formed on the reflective 
regions in a main surface inside the liquid crystal panel on one substrate on the 
backlight-arranging side of a pair of substrates and the reflective member is formed on 
the phase difference forming means. In this case, the phase difference forming means 
is preferably a retardation film for delaying phase with X /4. Furthermore, the phase 
difference forming means also serves as a stepwise member for adjusting a balance 
between transmittance in the transmissive region and reflectance in the reflective 
region. 

[19] In another embodiment of the transflective liquid crystal display device according 

to the present invention, the phase difference forming means is orientation-processed 
polymer liquid crystal layer. In this case, the polymer liquid crystal layer preferably 
delays phase with X /4. 

[20] In a further embodiment of the transflective liquid crystal display device according 

to the present invention, the phase difference forming means is formed on the 
reflective regions in a main surface outside the liquid crystal panel on one substrate on 
the backlight-arranging side of a pair of substrates. In this case, the phase difference 
forming means is preferably a retardation film or a phase difference film for delaying 
phase with X I A. 

Description of Drawings 

[21] Fig. 1 is a sectional view diagrammatically showing an arrangement of a con- 

ventional transflective liquid crystal display device; 
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[22] Fig. 2 is a sectional view diagrammatically showing an arrangement of a 

transflective liquid crystal display device according to an Embodiment 1 of the present 
invention; 

[23] Fig. 3a is a sectional view showing another example of phase difference forming 

means in a transflective liquid crystal display device according to an Embodiment 2 of 

the present invention; and 
[24] Fig. 3b is a sectional view showing another example of phase difference forming 

means in a transflective liquid crystal display device according to an Embodiment 3 of 

the present invention. 

Best Mode 

[25] With reference now to the attached drawings, embodiments of the present 

invention will be explained in detail below. 
[26] (Embodiment 1) 

[27] Fig. 2 is a sectional view diagrammatically showing an arrangement of a 

transflective liquid crystal display device according to an Embodiment 1 of the present 
invention. In Fig. 2, the transflective liquid crystal display device actually includes 
electronic devices and optical devices such as electrodes, a color filter, an orientation 
film, but explanations thereof will be omitted here for simplicity of explanation. 

[28] The transflective liquid crystal display device in Fig. 2 are principally constructed 

of a backlight 1 1 used in a transmissive mode, a liquid crystal panel 12 arranged above 
this backlight 1 1 and a pair of circularly polarized light plates 13,14 arranged to 
sandwich this liquid crystal panel 12. 

[29] The backlight 1 1 is constructed of a light guide plate 11c and a light source (not 

shown) arranged at an end of the light guide plate 1 1c. A diffusing film 11a which 
diffuses light emitted onto the liquid crystal panel 12 through the light guide plate 11c 
is provided on the surface of the light guide plate 1 lc on a side of the liquid crystal 
panel 12 and a reflective film lib which reflects light from the light source is provided 
on the surface opposite to the surface of the light guide plate 11c on a side of the liquid 
crystal panel 12. 

[30] In the backlight 1 1 with the above-mentioned structure, the light emitted from the 

light source enters the light guide plate 1 lc, is reflected on the reflective film 1 lb of 

the light guide plate 1 lc and directed toward the liquid crystal panel 12 (upward in Fig. 

2). This light is diffused by the diffusing film 1 la of the light guide plate 1 lc and used 

as the light of the backlight 1 1 in a transmissive mode. 
[31] An LED (light-emitting diode), etc., can be used as the light source. Furthermore, a 

metal film such as an aluminum film can be used as the reflective film 1 lb. 

Furthermore, a polycarbonate film containing diffusing grains, etc., can be used as the 

diffusing film 11a. 
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[32] The liquid crystal panel 12 includes a pair of glass substrates 12a, 12b, a liquid 

crystal layer 12c sandwiched therebetween, a retardation film 12e which is phase 
difference forming means provided in a reflective region B on the glass substrate 12a 
and a reflective film 12d formed on the retardation film 12e. This retardation film 12e 
has a function of delaying phase with, for example, 1 /4 (approximately 100 to 200 
nm). A resin material such as polycarbonate can be used as the material of the re- 
tardation film 12e. 

[33] Pixels are formed on the glass substrate 12a and each pixel is provided with the 

reflective region B having the reflective film 12d and the transmissive region A (region 
without any reflective film) having an opening for allowing the light from the 
backlight 1 1 to pass therethrough. In the respective pixels, the reflective region B is 
formed to surround the transmissive region A. 

[34] When the reflective region B and transmissive region A are formed using the re- 

tardation film 12e, the retardation film 12e is formed on the glass substrate 12a first. 
For example, the retardation film 12e is formed by coating the glass substrate 12a with 
the resin material for the retardation film using a spin coating method, etc. 

[35] Since this retardation film 12e can also serve as the stepwise member, it is possible 

to simplify the manufacturing steps. The stepwise member is provided to adjust a 
balance between transmittance in the transmissive mode and reflectance in the 
reflective mode and it is preferable to set the ratio of the cell gap in the reflective 
region B to the cell gap in the transmissive region A to approximately 1:2. To realize 
this ratio, the thickness of the stepwise member is normally controlled. 

[36] Then, the reflective film 12d is formed on the retardation film 12e. For example, 

the reflective film 12d is formed by coating the retardation film 12e with the material 
for the reflective film such as aluminum using a sputtering method, etc. Then, the 
reflective film 12d and retardation film 12e are patterned and an opening cor- 
responding to the transmissive region A is formed. Therefore, the reflective film 12d is 
provided on the reflective region B of the glass substrate 12a through the retardation 
film 12e. 

[37] This results in a structure with the retardation film 12e which is phase difference 

forming means arranged on the backlight side of the reflective film 12d which is the 
reflective member in the reflective region B. 

[38] The circularly polarized light plates 13, 14 are circularly polarized light plates 

having polarization directions opposite to each other. Here, suppose the circularly 
polarized light plate 13 is a right circularly polarized light plate and the circularly 
polarized light plate 14 is a left circularly polarized light plate. The circularly polarized 
light plates 13, 14 can be provided on the glass substrates 12a, 12b by pasting them 
onto the outer surfaces of the glass substrates 12a, 12b. 
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[39] Then, the operation of the transflective liquid crystal display device in the above 

described structure will be explained. Note that the operation in the reflective mode in 
which ambient light is used as a light source is the same as that of a normal 
transflective liquid crystal display device, and therefore explanations thereof will be 
omitted. 

[40] In the transmissive mode in which the light of the backlight 1 1 is used as a light 

source for the display, the light emitted from the backlight 1 1 in the reflective region B 
passes through the circularly polarized light plate 13. Since the circularly polarized 
light plate 13 is a right circularly polarized light plate, a part of the left circularly 
polarized light of the light which has passed through the circularly polarized light plate 
13 is absorbed and becomes the right circularly polarized light. 

[41] When this right circularly polarized light enters the retardation film 12e of the 

liquid crystal panel 12, the phase of the right circularly polarized light is delayed by 1 / 
4. The light with the phase delay with 1 /4 becomes linearly polarized light and is 
reflected on the reflective film 12d. The phase of the light reflected on the reflective 
film 12d is delayed by the retardation film 12e by 1 1 A again. In this way, this linearly 
polarized light becomes right circularly polarized light again. Therefore, the right 
circularly polarized light passed through the retardation film 12e, reflected on the 
reflective film 12d and passed through the retardation film 12e again becomes the right 
circularly polarized light as is. That is, by being reflected on the reflective film 12d, the 
right circularly polarized light becomes the left circularly polarized light, but since it 
passes through the retardation film 12e twice, the phase thereof is delayed by 2 ' 1 /4, 
and therefore it returns to the right circularly polarized light. 

[42] This right circularly polarized light passes through the circularly polarized light 

plate 13 which is the right circularly polarized light plate as is. Then, the right 
circularly polarized light is reflected on the reflective film lib and diffused by the 
diffusing film 11a. When passing through the diffusing film 11a, with circular po- 
larization canceled, the right circularly polarized light returns to the natural light as 
well as the light from the backlight 1 1 . For this reason, the light reflected on this 
backlight 1 1 is added to the light directly emitted from the backlight 1 1 in the 
transmissive region A. That is, the light from the backlight 1 1 in the reflective region B 
which conventionally used to be wasted without being used can be used in a 
transmissive mode. 

[43] Then, the effect of the present invention will be explained using Fig. 1 and Fig. 2. 

Here, to facilitate an understanding, it is assumed that the amount of light emitted from 
the backlights 1, 1 1 is 100 and the area ratio (%) between the reflective region B and 
transmissive region A is B:A. 

[44] In the transflective liquid crystal display device shown in Fig. 1, the light emitted 
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from the backlight 1 in the reflective region B in a transmissive mode cannot pass 
through the above described circularly polarized light plate 3, being wasted. Thus, only 
the light emitted from the backlight 1 1 in the transmissive region A is used for a 
display. Therefore, the utilization rate of the light used in the transmissive mode is 
50A%. 

[45] On the other hand, in the transflective liquid crystal display device according to the 

present invention shown in Fig. 2, the light emitted from the backlight 1 1 in the 
reflective region B in a transmissive mode can pass through the above described 
circularly polarized light plate 3, and can thereby be used for a display. Assuming that 
the reutilization rate of light is a , the utilization rate of this light is a B%. Furthermore, 
the utilization rate of the light emitted from the backlight 1 1 of the transmissive region 
A is 50A% as described above. Therefore, the utilization rate of the light used in the 
transmissive mode is a B%+50A%. 

[46] Note that the light utilization rate a is a value affected by the reflectance of the 

reflective film lib and the degree of cancellation of circular polarization of the 
diffusing film 1 la of the backlight 11, and a is small when the reflectance of the 
reflective film 1 lb and the degree of cancellation of circular polarization of the 
diffusing film 11a are small. 

[47] Thus, the transflective liquid crystal display device according to this embodiment 

can effectively use the light emitted from the backlight 1 1 in the reflective region B in 
a transmissive mode, and therefore when the brightness of the panel is kept at the same 
level, it is possible to suppress the necessary output of the backlight 1 1 more than the 
conventional one. As a result, it is possible to reduce power consumption of the 
backlight 1 1 and extend the life of the backlight 1 1 . Furthermore, using the output of 
the backlight 1 1 at the same level as that of the conventional one can increase the 

brightness of the panel. 
[48] Furthermore, if the same transmittance as that of the conventional one in a 

transmissive mode is realized, it is possible to narrow the transmissive region 

(opening) A of each pixel, and thereby relatively widen the reflective region B. As a 

result, it is possible to increase the reflectance in the reflective mode and also improve 

the display performance in the reflective mode. 
[49] (Embodiment 2) This embodiment will describe another example of phase 

difference forming means provided in the reflective region of a liquid crystal panel. 

This embodiment will describe a case where an in-cell retarder is used for the phase 

difference forming means. 
[50] Fig. 3a is a sectional view showing another example of phase difference forming 

means in a transflective liquid crystal display device according to Embodiment 2 of the 

present invention. Here, in Fig. 3a, the same members as those shown in Fig. 2 are 
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assigned the same reference numerals. 

[5 1] The retardation film 12e shown in Fig. 3a is constructed of an ordinary stepwise 

formation layer 12f and an in-cell retarder 12g. This in-cell retarder 12g can be 
constructed of a polymer liquid crystal layer with oriented liquid crystal molecules, etc. 

[52] When the retardation film 12e shown in Fig. 3a is formed, an orientation film (not 

shown) made of polyimide, etc., is formed on a glass substrate 12a first. Then, the 
orientation film is subjected to orientation processing by rubbing this orientation film. 
Then, the orientation film is coated with the polymer liquid crystal for orientation. In 
this way, the in-cell retarder 12g is formed on the glass substrate 12a. This makes it 
possible to form a phase difference. In the present invention, it is desirable to delay 
phase with 1 /4, and therefore it is preferable to control the film thickness and 
temperature accordingly. 

[53] Then, the stepwise member 12f is formed on the in-cell retarder 12g. A resin 

material can be used for the stepwise member 12f. When the stepwise member 12f is 
formed on the in-cell retarder 12g, the resin material is coated using a spin coating 
method, etc. 

[54] Further, a reflective film 12d is formed on the retardation film 12e (stepwise 

member 12f) as in the case of Embodiment 1. Then, the reflective film 12d and re- 
tardation film 12e (stepwise member 12f and in-cell retarder 12g) are patterned to form 
an opening corresponding to a transmissive region A. 

[55] Then, the operation of the transflective liquid crystal display device in the above 

described structure will be explained. The operation in a reflective mode using ambient 
light as a light source is the same as that of an ordinary transflective liquid crystal 
display device, and therefore explanations thereof will be omitted. 

[56] In a transmissive mode, when right circularly polarized light emitted from the 

backlight 1 1 in a reflective region B and passed through a circularly polarized light 
plate 13 enters the in-cell retarder 12g of the liquid crystal panel 2, the phase of the 
right circularly polarized light delays with 1 1 A. The light with a phase delay with 1 /4 
becomes linearly polarized light and is reflected on the reflective film 12d. The phase 
of the light reflected on the reflective film 12d is further delayed with 1 /4 in the in-cell 
retarder 12g again. This causes this linearly polarized light to return to the right 
circularly polarized light. Therefore, the right circularly polarized light passed through 
the in-cell retarder 12g, reflected on the reflective film 12d and passed through the in- 
cell retarder 12g becomes the right circularly polarized light as is. That is, the right 
circularly polarized light becomes left circularly polarized light by being reflected on 
the reflective film 12d, but since it passes through the in-cell retarder 12g twice, the 
phase thereof is delayed with 2 ' 1 /4 and the light becomes the right circularly 
polarized light. This right circularly polarized light is reused as the light source in the 
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transmissive mode as in the case of Embodiment 1. For this reason, as in the case of 
Embodiment 1, the light from the backlight 1 1 in the reflective region B which con- 
ventionally used to be wasted without being used can be used in the transmissive 
mode. 

[57] (Embodiment 3) 

[58] This embodiment will describe a further example of phase difference forming 

means provided in the reflective region of a liquid crystal panel. This embodiment will 
describe a case where a retarder outside the substrate is used as the phase difference 
forming means. 

[59] Fig. 3b is a sectional view showing the other example of phase difference forming 

means in a transflective liquid crystal display device according to Embodiment 3 of the 
present invention. Here, in Fig. 3b, the same members as those shown in Fig. 2 are 
assigned to the same reference numerals. 

[60] The phase difference forming means shown in Fig. 3b is constructed of an ordinary 

stepwise formation layer 12f provided inside the liquid crystal cell, a retarder 12h 
provided outside the liquid crystal cell. This retarder 12h has a function of delaying 
phase with, for example, 1 /4 (approximately 100 to 200 nm). This retarder 12h can be 
constructed of a phase difference film and retardation film, etc. 

[61] When the phase difference forming means shown in Fig. 3b is formed, a stepwise 

member 12f is formed on a main surface of the glass substrate 12a on the liquid crystal 
cell side (inside the cell) first. When the stepwise member 12f is formed on the glass 
substrate 12a, a resin material, etc., is coated using a spin coating method, etc. 

[62] Furthermore, a reflective film 12d is formed on the stepwise member 12f as in the 

case of Embodiment 1. Then, the reflective film 12d and stepwise member 12f are 
patterned to form an opening corresponding to the transmissive region A. 

[63] Then, the retarder 12h is partially formed in the region on the main surface 

opposite to the liquid crystal cell (outside the cell) of the glass substrate 12a, in which 
the stepwise member 12f is formed. When a phase difference film is used as the 
retarder 12h, the phase difference film is partially pasted to the region corresponding to 
the region of the glass substrate 12a in which the stepwise member 12f is formed. On 
the other hand, when the retardation film is used as the retarder 12h, a resin material is 
coated using a spin coating method, etc., as in the case of Embodiment 1 and then 
patterning is performed in such a way that a retardation film remains in the region cor- 
responding to the formation region of the stepwise member 12f. 

[64] Then, the operation of the transflective liquid crystal display device in the above 

described structure will be explained. The operation in a reflective mode using ambient 
light as a light source is the same as that of an ordinary transflective liquid crystal 
display device, and therefore explanations thereof will be omitted. 
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[65] In a transmissive mode, when right circularly polarized light emitted from the 

backlight 1 1 in a reflective region B and passed through a circularly polarized light 
plate 13 enters the retarder 12h of the liquid crystal panel 2, the phase thereof is 
delayed with 1 I A. The light with a phase delay with 1 I A becomes linearly polarized 
light and is reflected on the reflective film 12d. The phase of the light reflected on the 
reflective film 12d is further delayed with 1 IA in the retarder 12h again. This causes 
this linearly polarized light to become the right circularly polarized light. Therefore, 
the right circularly polarized light passed through the retarder 12h, reflected on the 
reflective film 12d and passed through the retarder 12h again becomes the right 
circularly polarized light as is. That is, the right circularly polarized light becomes the 
left circularly polarized light by being reflected on the reflective film 12d, but since it 
passes through the retarder 12h twice, the phase thereof is delayed with 2 ' 1 I A, thus 
becoming the right circularly polarized light. This right circularly polarized light is 
reused as the light source in the transmissive mode as in the case of Embodiment 1 . 
For this reason, as in the case of Embodiment 1, the light from the backlight 1 1 in the 
reflective region B which conventionally used to be wasted without being used can be 
used in the transmissive mode. 

[66] In this embodiment, the phase difference forming means is constructed of the 

stepwise member 12f and retarder 12h separately, which makes it possible to reduce 
the thickness of the retarder 12h. 

[67] The present invention is not limited to Embodiments 1 to 3 above, but can be im- 

plemented modified in various ways. For example, the present invention is not limited 
to materials described in Embodiments 1 to 3 above, but can be implemented modified 
in various ways. 

[68] Said embodiments 1 to 3 have described the case where the retardation film for 

delaying phase with 1 /4 is used, but the retardation film of the present invention is not 
limited to the retardation film for delaying phase with 1 I A if the orientation of 
circularly polarized light can be at least reversed by allowing the light to pass through 
the film or layer twice. Furthermore, Embodiments 1 to 3 above have described the 
case where the circularly polarized light plates 13, 14 are pasted to the glass substrates 
12a, 12b, but the present invention is applicable if the circularly polarized light plates 
13, 14 are at least arranged outside the glass substrates 12a, 12b in the liquid crystal 
panel 12. 

[69] As described above, the transflective liquid crystal display device of the present 

invention comprises a pair of circularly polarized light members arranged outside the 
liquid crystal panel and a backlight arranged outside one circularly polarized light 
member of the pair of circularly polarized light members, wherein the reflective region 
has a reflective member for reflecting ambient light from an opposite side of backlight- 
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arranging side in the liquid crystal panel, and the reflective region has phase difference 
forming means arranged on the backlight side of the reflective member, and therefore 
it is possible to reverse the polarization direction of circularly polarized light from the 
backlight in the reflective region and allow the light reflected on the reflective member 
to pass through the circularly polarized light member. As a result, the light from the 
backlight in the reflective region which conventionally used to be wasted without 
being used can be used in a transmissive mode. 

Industrial Applicability 
The present invention is applicable to a transflective liquid crystal display device 
used for a cellular phone or PDA (Personal Digital Assistant), etc. 



